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Innovationen in der Medizin und in der
Pharmazeutischen Forschung losen

“unmet medical needs”

(ungelbste medizinische Bedurfnisse)



Innovationen in der Medizin losen
“unmet medical needs”

Die Ziele in der Medizin:

Die Vermeidung (Pravention) , Heilung (kurativ) oder
Therapie von Erkrankungen

Therapien sollen

» wirksam und sicher

» wenig belastend sein,

» Komplikationen vermeiden,

» Lebensqualitat erhalten und

» hormale Lebenszeit ermdglichen




Innovationen in der Diabetestherapie losen

“unmet medical needs”

Diabetestherapie soll
» wirksam und sicher,
» wenig belastend sein,

» Akut- und Spatkomplikationen
vermeiden,

» Lebensqualitat erhalten

» hormale Lebenszeit ermdglichen

BZ (HbA1lc) normalisieren ohne
Hypoglykamien, Gewicht reduzieren

einfache Gabe z.B. einmal taglich -
einmal wochentlich - oral vs sc.

GefaBschaden, Hirnleistung,
vorzeitiges altern

wenig Nebenwirkungen,
wenig Aufwand im Alltag

Verbesserung “harter Endpunkte”,
z.B. Riskoreduktion CV Mortalitat



Ungeloste medizinische Bedurfnisse in der
Diabetologie — Wirksamkeit der Therapie HbA1lc

CHINA (coDic-2)! Latin America (DEAL)?
HbA,. < 7.5% HbA,. < 7%

EUROPE (CODE-2)5
HbA,. < 6.5%

68%

v

CANADA (DICE)? 2004 US (NHANES)* 2014 US (NHANES)
HbAc < 7% HbA, < 7% HbA,. < 7%

37%

1Xingbao C. Chinese Health Economics 2003; Ling T. China Diabetic Journal 2003.
2Harris SB, et al. Diabetes Res Clin Pract 2005; 70:90-97. 3Lopez Stewart G, et al. Rev Panam Salud Publica 2007; 22:12-20.
4Saydah SH, et al. JAMA 2004; 291:335-342.5Liebl A, et al. Diabetologia 2002; 45:523-528. 5. NHANES 2014



Ungeloste medizinische Bedurfnisse in der
Diabetologie - Wirksamkeit der Therapie HbA1lc

Mittlerer HbA,. (%0) far mit Insulin behandelte Patienten mit Typ 2 Diabetes

7.7%!

7.7%!
7.6%!
8.6%!

1Polinski et al. BMC Endocr Disord 201

5;15:46 gncluding supplement);
2OFuz et al. Curr Med Res Opin 2013;29:911-20;
3Blak et al. Diab Med 2012;29:e13-20;



Ungeloste medizinische Bedurfnisse in der
Diabetologie — QoL und Sicherheit

Diabetes medication and daily life Worry about hypoglycaemia

397 56"

of people with diabetes said of people with diabetes
that their diabetes medication felt very worried about
routine interfered with the the risk of

ability to live a normal life hypoglycaemia

DAWN2™ Study © 2013 by Novo Nordisk A/S. Data based on 8,596 respondents with diabetes.
Source: Nicolucci A, et al. Diabet Med 2013;30:767-77
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DESCRIPTION
Diabetes represents a major psychosocial burden to people with diabetes and impacts many aspects of daily life.
More than half of people with diabetes are very worried about hypoglycemia. 
Two out of five people with diabetes feel that their diabetes medications prevent them from living a normal life. 




Ungeloste medizinische Bedurfnisse in der
Diabetologie - Patientensicht n= 3000, US, 2016

_—-3 | Key POintS

* Few people with diabetes surveyed feel “very successful”
on current therapies, regardless of the metric: glucose,
complications, emotional well-being, burden of care,

Patient Priorities for Diabetes Drugs: e
social life.

What Does Success Look Like?

A download on 3,000+ patient views collected in August 2016
» Time-in-range has the biggest impact on daily life with

Kelly L. Close Richard Wood type 1 and 2 diabetes. It is a shared - and unmet - need.
Founder and Chair Founder and CEQ
The diaTribe Foundation dQ&A

_ _ * Current therapies have significant room to improve on
FDA Workshop: “Outcomes Measures for New Diabetes Therapies Beyond A1c” R .
Silver Spring, MD : . time-In-range.
August 20, 2016 diglribe
dQs A o » Patients are very interested in greater FDA focus on

time-in-range and quality of life.

dQ:z A didlribe ..
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Ungeloste medizinische Bedlurfnisse in der
Diabetologie - Patientensicht n= 3000, US, 2016

Type 2 on insulin
(n=1,141)

2 no insulin
(n=1,266)

2

Type 1
(n=1,016)
=
s
-

#1 Time in Range Time In Range Time In Range

#92 Unexpected BG

Numbers &

C

Non-Diabetes
Health Issues

Non-Diabetes

#3 Dosing Insulin Health Issues

Unexpected BG
Numbers

ing Insulin

#4 Hypoglycemia

Unexpected BG
Numbers

Symptoms of
Complications

#5 c
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Innovationen in der Behandlung des
Diabetes Mellitus




Was ist Diabetes ?
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Normal situation
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Typ 1 Diabetes

lebenslange Insulin
(-ersatz) therapie

<
’;f e : CELLS
O—r 74
d

Typ 2 Diabetes

gestational diabetes

Lebensstilanderung +
medikamentose Therapie
(auch Insulin) mit
unterschiedlichen
Ansatzen



Typ 1 Diabetes ... was passiert ohne Therapie ?

» Kein Glukosetransport in Korperzellen

» Energiegewinnung durch Aufbrauch von
Fett und Protein (auch Organ-und
Strukturprotein)

» Kachexie und friher Tod

» Lebenslange
Insulin (-ersatz) therapie notig




Physiologie der Insulinabgabe durch die

Bauchspeicheldruse:
Sehr schnell far Nahrungsglukose, lang fur Grundstoffwechsel

Blutinsulinspiegel

50

40
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20

Mahlzeiteninsulin

08:00 12:00 16:00 20:00 24:00 04:00

Fruh- Mittag- Abend-
stuck essen essen

B Basalinsulin

>

,schnelle®

Insulinabgabe flr die
Mahlzeiten

>

,basale"
Insulinabgabe flr den
Grundstoffwechsel

08:00




Injektion von Humaninsulin subkutan

Plasmainsulin (uU/ml)

Physiologische
sulinsekretion
80 = ] r 9 ¥
" :Hyperglykéimie
1 |
c0- K
:4— [~ Spritz-Ess-Abstand
1 I
40 Ry |
1 |
1 i Hypoglykamiegefahr
20 = I 1 I s.c. Humaninsulin
: : (0,15 E/kg direkt vor Testmahlzeit)
1 |
D ] 1 L] ] L] ] I
w 2 4 6 8 10  Zeit nach Beginn

einer Mahlzeit (h)



Herausforderung fur die Insulinentwicklung:
Insuline fur die Mahlzeiten = (sehr) schnell wirksam
Insuline fur den Grundstoffwechsel = lang (und gleichmé&Big) wirksam

Rapid (Lispro, Aspart, Glulisine)

short (Reguiar)
Intermediate (NPH)

Long (Detemir)
—

wng (Glargine), (Degludec)

0o 2 4 6 8 10 12 14 16 18 20
Time [Hours]

Relative Insulin Effect




Wie entstehen Insuline mit unterschiedlichen
Eigenschaften ?

Di-Hexamel] Hexamer Dimer Monomer
(72 kpa) | (36 kDa) (6 kDa) Blood vessel

Multi-Hexam
(>5000 kDa)

T )




Wie entstehen Insuline mit unterschiedlichen
Eigenschaften ?

Fast-acting analogues Long-acting analogues

Inswin lispro Insulin aspart Insulin glargine Detemir insulin

Nature Reviews | Drug Discovery



Mahlzeiteninsulin = schnell wirksame Insuline
Schnelle Insulinverfugbarkeit ist wichtig fur niedrige
Blutzuckerspiegel nach den Mahlzeiten und Flexibilitat des
Injektionszeitpunktes

(Human)Insulin aus der
Bauchspeicheldriise

Insulinanaloga s.c. ...

Insulin aspart, lispro und glulisine
e Aus dem gesunden Pankreas

e « Humaninsulin

eme Schnell wirksame Insuline

Ss (Human)Insulin subcutan
Seo in die Haut injiziert

-
ﬁ“
- -

Insulinprofil (zu den Mahlzeiten)

Zeit (Stunden)



Nachste Generation schneller wirksamer Insuline
Faster—acting insulin aspart durch Zusatze aus der "GRAS Liste”
zu der pharmakologischen Formulierung von Insulin aspart

[Insulin aspart ] Niacinamid = Vitamin B3:
Resorptionsmodifikator

0
N NH Verantwortlich fir die
2 -
| P schnelle Resorption
N

[Arginin: Stabilitatsverbesserer ]

NH

0
,\/\‘)l\ _ Verbessert die Stabilitat
HNTON T © des Insulins
2

GRAS "Generally Recognized As Safe” ... FDA,US



Faster—acting Insulin aspart
Niacinamid (Vitamin B3) begunstigt die Monomersituation (+35%)
und damit eine sehr schnelle Absorption in die Blutbahn

Monomerfraktion

+35%

0,3=

Cell

. ' ‘ 02 @ Insulin aspart (kein NA)
—> ‘—»

Hexamer Dimer Monomer
(36 kDa) (6 kDa)  Blood vessel

B  Insulin aspart (mit NA)

0,1+

Volumenfraktion von
Monomeren in Puffer

0,0+

Buckley ST et al. Diabetes Technol Ther 2016; 18 (Suppl. 1):A116



Faster—acting Insulin aspart
Niacinamid (Vitamin B3) begunstigt die Monomersituation und damit
eine sehr schnelle Absorption in die Blutbahn

Monomerfraktion Permeationsrate durch HDMEC-
Monolayer
+35% r
0,3- 2 8x1005 = *27%
=3
y 4 A S&
‘ —> o> sda 0,2+ 4x10-95
‘ ' = £ :u??
= L)
Hexamer  Dimer  Monomer GEJ g g
(36 kDa) (6 kDa) [}
Blood vessel 3 o1+ Qa %109 =
> =
0,0

0 =
B  'nsulin aspart (kein NA)

B  insulinaspart (mitNA) [} Humaninsulin

Buckley ST et al. Diabetes Technol Ther 2016; 18 (Suppl. 1):A116
HDMRC = human dermal microvascular endothelial cell layers



Nachste Generation schnell wirksamer Insuline

Faster—acting Insulin aspart

Insulin action

(at mealtime)

From the normal pancreas

Faster-acting insulin analogues
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Faster—acting Insulin aspart

Doppelt so schnelles Auftreten im Blut, doppelt so hohe
Insulinexposition und etwa 74% hohere Insulinwirkung in den ersten
30min in Clamp Versuchen

=
= 300 = = Faster aspart
g === Insulin aspart
£ 250 —
2
o 200 =
@]
£
g 0 Onset of Exposure Faster aspart Insulin aspart [ e R
o [95%CI]
E 100 = Onset of appearance (min) 4.1 8.9 -4.9 [-5.3;-4 4]
Q
G 50— t5006 cmax (MiN) 226 32.1 -9.5[-10.7:-8.3]
c
5 temax (Min) 62.4 69.8 -7.3[-11.1;-3.6]
3 0-
= I I I I
0 30 60 90 120

Nominal time (min)

Adults with T1DM, dose 0.2 U/kg, trials 3887, 3888, 3889, 3891, 3921, 3978, n=261 (faster aspart), n=256 (aspart)
Heise T et al. Diabetes 2016; 65 (Suppl. 1):929-P



Faster—-acting Insulin aspart
Klinische Wirksamkeit in TIDM - Onset-1 Studie: Niedrigere
Blutzuckerspiegel nach den Mahlzeiten und niedergere HbA1c -Werte

Diabetes Care

*P << 0.0001 and **P = 0.0375,

N 7 126
Fast-Acting Insulin Aspart Chrstophe be lock? Edward Franek E 5| / ‘90 3
Improves Glycemic Controlin i seamsine’ = .
Basal-Bolus Treatment for Type 1 Voerec woo”ame ok gsesio, E ;| s 2
Diabetes: Results of a 26-Week Richord M. Gergenstof g ) w 3

. . r= - L
Mlﬂtlcenter, ACthB-COI’ltrOHed, G . -2 |nsulin aspart (mea'time) 18 tg:
Treat-to-Target, Randomized, & ! ; — Faster aspart (mealtime) =
Parallel-Group Trial (Onset 1) 0 ; o o a0 o 0
DOI: 10.2337/dc16-1771

! Median bolus dose:  Time (min)
2 0.1 Ukg

Diabetes Care Publish Ahead of Print, published online March 29, 2017



Basalinsuline ... o=
fur den Grundstoffwechsel : -@- 0*

Multi- Hexamér kDa) (35 kDa) (6 kDa)  Biood vessel

{>5000 kDa)

% IDet @g‘i

Animal
Isolation of insulin insulin e
(Banting & Best) preparations NPH insulin @ !“&k IDeg
O ™\ = ~ >
) A J e \J J
e - 1 - -
L ? T\ & £ First generation Ultra-long-acting
: » &l basal insulin basal insulin
- analogues analogues

A | Half life (hours): 5-10 12-19 25

. Variability: . Medium Low
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Basalinsuline

NPH-Insulin

Insulin detemir
Insulin degludec”

Insulin glargin
U100

Insulin glargin
U300

Huminsulin Basal®
Insuman Basal®
Protaphane®
Berlinsulin H Basal®

Levemir®
Tresiba®

Lantus®
Abasaglar®

Toujeo®

5-10

5-7
ca. 2b
7-13

18-19

13-16

16-23
>42
21-27

ca. 36

... fur den Grundstoffwechsel

68

27
20
48

34



Basalinsuline NPH Insulin vs. Insulin glargine oomw/my

The Treat-to-Target Trial

Randomized addition of glargine or human NPH insulin to oral therapy of
type 2 diabetic patients

Muarmew C. Ripoie, mn' 0N BEHALF OF THE Ixsuvin Grancive 4002
Juo RosessTock, Mo Stuoy INvEsTiGaToRS®
Joun Gemch, Mn®

D1ABETES CARE, VOLUME 26, NUMBER 11, NovEMBER 2003

Reviews/Commentaries/ ADA Statements
M ETA-ANALYSIS

Reduced Hypoglycemia Risk With Insulin
Glargine

A meta-analysis comparing insulin glargine with human NPH insulin in
type 2 diabetes

JuLio ROSENSTOCK, §1D' ANDREAS FRITSCHE, 1\104
GEORGE DAILEY, MD™ ZHENGNING LIN, pHD’
MassiMo MASSI-BENEDETTI, MD> ALAN SALZMAN, MD’




Basalinsuline NPH Insulin vs. Insulin glargine oomw/my
Reduktion von Unterzuckerungen (Hypoglykamien)

2500 900 1
- — 800 1
% ; % Glargin
@ & 2000 = Glargine w E 700 S argine
£ E sE NPH
2= —  NPH 20| —
3 5o
. ‘a: - Pl =
¥ Z D 500
ER Es ~
= $ £\ 400 -
£a 1000 20 2o 145
E E ——  Glargine = T 300 - 1.2 4 —  Glargine
ESs 21 EE 5
©8 50 : . e 3 g 20+ T i
= e s : 5 =3 7
S j% 20 < Insulin injection *p <0.05 (between-reatment) 8 100 g ; *p <0.05 (between-reatment)
5 i ! = T ] -
2 % 087 Insulin injection ;
0-4- 5 ¥ 0 2 5 "
0 24 | 5 0 24 488
H 2
g z
I

||||||||||||||||||||||||

Time of day (h) Time of day (h)




Basalinsuline Insulin glargine 3001U/mlvs 100IU/ml

Diabetes, Obesity and Metabolism 17: 859-867, 2015.

O r I g | n a | a rt | C | e @© 2015 The Authors. Diabetes, Obesity and Metabolism published by John Wiley & Sons Ltd.

Patient-level meta-analysis of the EDITION 1, 2 and 3 studies:
glycaemic control and hypoglycaemia with new insulin glargine
300 U/ml versus glargine 100 U/ml in people with type 2 diabetes

R. Ritzel', R. Roussel***, G. B. Bolli®, L. Vinet®, C. Brulle-Wohlhueter’, S. Glezer” & H. Yki-Jarvinen®

T Kinikum Schwabing, Staadtisches Klinikum Minchen GmbH, Munich, Germany

2 Diabetology Endocrinology Nutrition, DHU FIRE, Bichat Hospital, Assistance Publique Hépitaux de Paris, Paris, France
3INSERM U 1138, Centre de Recherche des Cordeliers, Paris, France

LUFR de Médecine, Université Paris Diderot, Sorbanne Paris Cité, Paris, France

® Department of Medicine, University of Perugia, Perugia, Italy

SEXPERIS IT, Nanterre, France

" Sanofi, Paris, France

2 Division of Diabetes, Foculty of Medicine and Helsinki University Central Hospital, University of Helsinki, Helsinki, Finland



Basalinsuline Insulin glargine 3001U/mlvs 100IU/ml

Cumulative mean number of confirmed [£3.9mmol/l (£70mg/dl)] or severe
hypoglycaemic events for pooled analysis of all three studies (EDITION 1,2,3)

Any time of day (24 h) Nocturnal (00:00-05:59 h)
i: — Gla-300 ---- Gla-100 i — Gla-300 ---- Gla-100
g 10- S 2.0
: - 5
5 g s
s | e 5 1.5
£ 7 £
e 2
= c 1.0
4
£ £
@ @ 0.54
= = 0.
g 2] 5
= =3
S
g O T T T T T T T T T T T T T 1 = O 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 o 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Weeks of treatment Weeks of treatment

Gla-100, insulin glargine 100 IU/ml; Gla-300, insulin glargine 300 IU/ml.



Basalinsuline Insulin glargine 300U/l vs 100U/I

Hypoglycemia at any time of the day (24 h) Nocturnal (00:00-05:59 h) hypoglycemia

25 5 1

Gla-100
31 ) Gla-100
..~ o] ®
- %Jlnhh Cw,

lo3) Ll oy o
10 1 Gia:300 ° o 2 - %%Qm% )
@0

Gla-300 ©

20 A

15 A

Estimated number of events
per participant-year

4.0 5.0 6.0 7.0 8.0 9.0 100 11.0 120 4.0 5.0 6.0 7.0 8.0 90 100 110 120

HbA, (%) at month 6 HbA,. (%) at month 6


https://www.google.de/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjpgY665JHTAhWBKJoKHc9kDmAQjRwIBw&url=https://diabetes.elsevierresource.com/reports/hypoglycemia-function-hba1c-type-2-diabetes-t2dm-insulin-glargine-300-u-ml-patient-level-meta-analysis-edition-1-2-and-3&psig=AFQjCNGTf3RW7qi2Rm0VrJvx5w14C8CD2Q&ust=1491635245337865

Basalinsuline Insulin degludec

Human insulin Qo

--------
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Basalinsuline
Insulin glargine (1001u/mi) vs Insulin degludec

.8 U/kg Within subject variability

.4 Ufkg 220 -
200 4 W [Deg
180 - B IGlar
160
140 -
120 -
100 -
80 |
60
40
20 A

PD profile at steady state —

2,/’_/—~_\

___.—_—'—__'___'___‘__"_'—'-—._

GIR (mg/kg/min)

Day-to-day variability in
glucose-lowering effect (CV%)

n_

' ' ' ' I ] o, k- &, -] 7 . o,
Day & Day 7 v Ty e e T, e, A W 3
¥ y @ oo te e e b

Time interval (hours)

Type 2 diabetes

Within-subject variability: Heise T et al. Insulin degludec: four times lower pharmacodynamic variability than insulin glargine
under steady-state conditions in type 1 diabetes. Diabetes Obes .Metab. 2012 Sep;14(9):859-64.

Pharmacodynamic profile at steady state: Heise et al. Ultra-long-acting insulin degludec has a flat and stable glucose-lowering
effect in type 2 diabetes. Diabetes Obes. Metab 2012 Oct;14(10):944-50.

GIR: Glucose infusion rate i.e. glucose lowering effect; IDeg: insulin degludec; IGlar: insulin glargine; PD: pharmacodynamic



Basalinsuline
Insulin glargine (1001u/mi) vs Insulin degludec

Diabetes, Obesity and Merabolism 15: 175—184, 2013.

O ri g i n a | a rti C | e © 2012 Blackwell Publishing Ltd

Hypoglycaemia risk with insulin degludec compared
with insulin glargine in type 2 and type 1 diabetes:

a pre-planned meta-analysis of phase 3 trials

R. E. Ratner’, S. C. L. Gough?, C. Mathieu?, S. Del Prato?, B. Bode®, H. Mersebach®, L. Endahl® &
B. Zinman’

Tpivision of Endociinology, Department of Medicine, Georgetown University School of Medicine, Washington, DC, USA
2 oxford centre for Diabetes, Endocrinology and Metabolism and NIHR Oxford Biomedical Research Centre, Oxford, UK
3 university Hospitals (UZ) Leuven, KU Leuven, Leuven, Belgium

4university of Pisa, Pisa, Italy

5 Atlanta Diabetes Associates, Atlanta, GA, USA

6 Novo Nordisk, saborg, Denmark

7 University of Toronto, Mount Sinai Hospital, Toronto, ON, Canada



Basalinsuline
Insulin glargine (1001u/mi) vs Insulin degludec

T2DM
Trial 3579 (52 wk)

Trial 3672 (26 wk)
Trial 3586 (26 wk)
Pooled basal only
Trial 3668 (26 wk)

Basal only

Basal-bolus {Trial 3582 (52 wk)

Pooled T2DM
TiDM

Trial 3583 (52 wk)
Basal-bolus
Trial 3770 (26 wk)

Pooled T1DM

Primary meta-analysis

I T
0.25 0.5 1 2

In favour of IDeg In favour of IGlar

nocturnal confirmed

hypoglycaemic episodes

1
4

0.82 [0.64;1.04]
0.86 [0.58;1.28]
0.82 [0.60;1.11]
0.83 [0.70;0.98]
0.89 [0.64;1.25]
0.82 [0.69;0.99]
0.83 [0.74;0.94]
1,07 [0.89;1.28
1.14[0.94;1.38

1.10[0.96;1.26

]
]
]
0.91[0.83;0.99]

overall confirmed
hypoglycaemic episodes

T2oDM
Trial 3579 (52 wk)

Trial 3672 (26 wk)
Trial 3586 (26 wWk)
Pooled basal only
Trial 3668 (26 wk)
Basal-bolus < Trial 3582 (52 wk)
Pooled T2DM

Basal only

TiDM

Trial 3583 (52 wk)
Basal-bolus
Trial 3770 (26 wk)

Pooled T1DM

Meta-analysis

——
——]
——
——
——

E

——|
-

774
1

I T T
0125 025 05 1
In favour of IDeg

2 4
In favour of 1Glar

8

0.64 [0.42;0.98]
0.64[0.30;1.37]
0.62 [0.38;1.04]
0.64 [0.48;0.86]
0.64[0.37;1.10]
0.75 [0.58;0.99]
0.68 [0.57;0.82]

0.75 [0.59;0.96
0.98[0.72;1.34
0.83 [0.69;1.00

]
]
]
0.74 [0.65;0.85]



Innovationen in der Insulinentwicklung
Summary (1)

» Insulinentwicklung folgt ungelésten medizinischen (therapeutischen)
BedUrfnissen

» Physiologisch unterscheiden wir sehr schnelle Insulinabgabe (Sekunden) bei
Mahlzeiten und konstante, gleichmaBige Insulinabgabe flr den
Grundstoffwechsel

» Die subkutane Insulininjektion ist eine Herausforderung fur die schnelle
Insulinwirkung (Mahlzeiten) und lange, gleichmaBige Insulinwirkung
(Grundumsatz)

» Insulinentwicklungen, Verdanderung des Insulinmolekils, Anhang von
langkettigen Molekulen, Veranderungen der pharmakologischen Formulierung,
etc., verbessern Schnelligkeit und lange, gleichmaBige Wirkung und zeigen in
klinischen Studien Vorteile in Wirkung und Sicherheit



Innovationen in der Insulinentwicklung

A. Oral

B. Nasal

C. Pulmonary

D. Subcutaneous
E. Transdermal

novo nordisk”
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Innovationen in der Insulinentwicklung
Inhalatives (Human-) Insulin

Afrezza ™

To switch from AFREZZA” to injected mealtime insulin...

T " - Find your AFREZZA® =
’:-‘ . = r dossiniiachart. W—F
= # of 8 unit Injected g
ﬁEﬁIEZZA : L B) (grean) "Mmﬂh‘ﬂe ':
hedi fridges needed  cartridges needed  IRSEINERIGEEE
4 units [ 4 units
8 units == 8 units
12uits @R + @ 12 units
16 units & Ee 16 units
: 20 units + 20 units
eEXUBERA - o o=
insulin human [rDNA origin] 24 units ? & F 24 Unitv

Inhalation Powder
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Inhalatives (Human-) Insulin

Early insulin response in healthy individuals
— AFREZZA™1
e Rapid-Acting Analog?
e Regular Human Insulin?

Plasma
Insulin

(MU/mL) Data from different studies

- i :
v v v

14 52 109 200 300
Time (minutes)

1. Non-diabetic obese subjects after 100 g oral glucose. Adapted from Kipnis D. Ann Intern Med. 1968;69:891-900.

2. Insulin Aspart, 0.2 U/kg. Regular Human Insulin, 0.2 U/kg units. Subcutaneous injection in abdomen.
Adapted from Mudaliar SR et al. Diabetes Care. 1999;22:1501-1506.
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@Innovationen in der Insulinentwicklung
Super lang-wirksame Basalinsuline

5 - — Insulin glargine once daily
— LAI287 once weekly

(mg/kg/min)
W]

Glucose infusion rate

0 2 4 6 8
Time (days)

Data from type 1 diabetes patients, Trial NN1436-3955
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“Liver preferential” Mahlzeiteninsulin

Mimicking physiology

Liver:

rd
Glucose .
roduction Insulin injected
P subcutaneously
B Physiologically distributed
insulin after subcutaneous
injection
Muscle:

Fat:

Glucose uptake » &
' Glucose uptake

D~




Innovationen in der Insulinentwicklung

Smart Insulin

Calculate Insulin Dose

Measure x Food

41 Blood Glucose

Smartinsulin™

l

\

Blood Glucose

Food




Innovationen in der Insulinentwicklung

Smart Insulin
iy TM H
- » Smart Insqlm consists of a
| o & layered, biocompatible and

biodegradable polymer-therapeutic

8 o 5.{ o J\L,.:Qi 'i. that is bound to an engineered
-é' ;‘ ;ig {} {3;3 " glucose-binding molecule.
a bﬁ‘i}iﬁb‘){} » Insulin is released from Smart

JL s e ON Insulin only when the polymer-
0 therapeutic is unbound from
Insulin by the presence of a

specific glucose concentration.
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Innovationen in der Insulinentwicklung
Smart Insulin

A Glucose-specific enzyme-based

i ] i ¥ i i
( glucose » @ gluconic acid )@ |nsu|IQ\

glucose

» Schematic illustration
o of the mechanism of
Y, polymer matrix = H

0, H.0, A insulin release the CIaSSIC Synthetlc

enzyme

GOx - glucose SJ-/ . .
gluoccse 0~ ghiconioackl +HO, 2R closed-loop insulin
B Phenylboronic acid lPBIAl-baggd deh'ver.y SyStemS
glucose
R -» '2 glucose
OH : HO CH |
b &
B-OH B—OH B0 _
HO HO OH HO 02  polymer matrix
uncharged charged

C Glucose binding protein (GBP)-based

glucose

—_—
competition binding

N
polysaccharides

x Concanavalin A insulin release



Innovationen in der Insulinentwicklung
Inselzelltransplantation

Transplanting Islet Cells

Duct 3. Separaled

5. Transplanted

Delfa Cell islels secrating
Red Blood nsulin in
Cell m& ||'l'Br

Pancreatic
Ac

Llslstol  Beta Apha | L7 X
Bn‘ar ans ] ell \ |n5u|-|n- w
. Islets are
producing introduced
ishat in the into the

pancreas lver
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Innovationen in der Insulinentwicklung
Produktion von Inselzellen der Bauchspeicheldrise durch “induced
pluripotent stem cells” Methode

Blopsy Ilnplmnummﬂng 'Iﬂumm::, 2012 Nobel Prize in Physiology or Medicine
oo . & ot "ﬁg
Adult cells o, i ’) &Y
(e.g. skin fibroblasts) -
Donor! IPS cells
Patient (resemble embryonic

stem cells)

-

Transplantation of
iI corrected cells
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Innovationen in der Insulinentwicklung
Summary (2)

» Insulinentwicklung folgt ungeldsten medizinischen (therapeutischen)
Bedlrfnissen

» Beddlrfnisse sind - schneller (bessere Wirksamkeit und Flexibilitit)
- langer (sicherer, Reduktion der Injektionshiufigkeit)
- andere Applikationsweg
(keine Injektionen, Wirkung und Sicherheit)
- Leberspezifitat (bessere Wirksamkeit, Sicherheit)
- automatische Insulinwirkung
(keine Blutzuckermessung, Wirksamkeit und Sicherheit)
- Ersatz der zerstorten Inselzellen
- etc.etc.etc,

» Solange die Insulintherapie in Ihrer Wirksamkeit durch potentiell
lebensbedrohliche Komplikationen bedroht bzw. eingeschrankt ist muss
Insulinforschung und -Entwicklung weitergehen



Typ 2 Diabetes

<
Type 2 diabetes ’;f O—n 74 ,ﬁ
m i

BLOOD

Caused by insulin resistance and relative
deficiency, where insulin produced by

gestational diabetes
the body is not used effectively. m /o

® © © © » © o © of type 2 diabetes

cases are believed to be
preventable by
changing diet and levels
of physical activity®

Almost half of all people with type 2
diabetes are not aware that they have it*

Type 2 diabetes accounts for 85%-95% of
all diabetes in high-income countries®




Behandlung der Pandemie des Typ 2 Diabetes

Obesity (BMI 230 kg/m 2)

2008

|D No Data [ ]| <14.0% [[]14.0-17.9% [[]18.0-21.9% []22.0-25.9% [ =26.0% |

Diabetes

= &) n
‘DNoData []<45% [4559% [ 6.074% [l7589% [ 29.0% ‘

http:/Avww.cdc.govdiabetes/statistics

',w"'““‘"y, i N & % 4 s m P
7 {C CDC'’s Division of Diabetes Translation. National Diabetes Surveillance System available at CDC
,



Behandlung des Typ 2 Diabetes

Lebensstildnderung + medikamentdse Therapie (auch Insulin) mit
unterschiedlichen Anséatzen




Typ 2 Diabetes ... was passiert ohne Therapie ?

Stroke

2- to 4-fold increase in
cardiovascular
mortality and stroke®

Diabetic
Retinopathy

Leading cause

of blindness
in adults*? Cardiovascular
Disease
gy AV . 8/10 individuals with
il i N . : diabetes die from CV
> ' events®
Diabetic 1 gy Ry ) el 4 . ,
Nephropathy i g Ll Diabetic

.~ Neuropathy

& 7 =< Leading cause of
_— .
A \X;‘ﬁ( non-traumatic lower
Wiy, extremity amputations’8

Leading cause of
end-stage renal disease3*
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Innovationen in der Behandlung des Typ 2 Diabetes
mussen auch das Kompliaktionsrisiko senken

Mortality risk associated with
diabetes (n=820,900)1

3_
o
[
@)
o ©
o c p
mm’-\
s ®
~— Q
2879
)

7] _
c2s 1
1
5
[} O T 1
I

CV death  All-cause
mortality

. Seshasai et al. N Engl J Med 2011;364:829-41;

. Centers for Disease Control and Prevention National Diabetes Fact Sheet 2011. http://www.cdc.gov/diabetes;
. IDF diabetes atlas 7th edition. 2015. Available at: http://www.diabetesatlas.org/

. UKPDS, NEJM. 2008;359(15):1577-89

. Heart Outcomes Prevention Evaluation (HOPE) Study, The lancet, 2000, 355: 253-59.

. Heart Protection Study, Lancet 2003: 361: 2005-16



Behandlung des Typ 2 Diabetes
Medikamentbse Therapie (auch Insulin) mit unterschiedlichen

Ansatzen
Metformin
T Glucose uptake Jm—
TZDs o
T Glucose uptake
Meglitinides, i
Sulphonylureas 1—(/ 2 e
T Insulin release Ny

DPP-4i| GLP-1RA
orafarma]l )

T Insulin secretion

—_

TZDs
T Insulin sensitivity

Metformin
! Gluconeogenesis

GLP-1RA
4 Appetite, food intake

00

TZDs
d"/&\l T Glucose uptake
e

—

-

GLP-1RA
g v,._(r m!'f‘((( .‘j 1 Gastric emptying
SAGTI3_ | DPP-ai
V"a SRS T GLP-1
O
{r | Metformin
)| H‘h = T GLP-1

| Glucose absorption

SGLT-2i

T Renal glucose excretion

Nature Reviews | Endocrinology


http://www.google.de/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjJ0-GrqZDTAhVJG5oKHf4xB80QjRwIBw&url=http://www.nature.com/nrendo/journal/v12/n6/fig_tab/nrendo.2016.51_F1.html&bvm=bv.151426398,bs.1,d.bGg&psig=AFQjCNHUW0fggXGVXz9u71HtiyNGJNsjYA&ust=1491585015233974
http://www.google.de/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjJ0-GrqZDTAhVJG5oKHf4xB80QjRwIBw&url=http://www.nature.com/nrendo/journal/v12/n6/fig_tab/nrendo.2016.51_F1.html&bvm=bv.151426398,bs.1,d.bGg&psig=AFQjCNHUW0fggXGVXz9u71HtiyNGJNsjYA&ust=1491585015233974
http://www.google.de/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjJ0-GrqZDTAhVJG5oKHf4xB80QjRwIBw&url=http://www.nature.com/nrendo/journal/v12/n6/fig_tab/nrendo.2016.51_F1.html&bvm=bv.151426398,bs.1,d.bGg&psig=AFQjCNHUW0fggXGVXz9u71HtiyNGJNsjYA&ust=1491585015233974

Innovationen in der Behandlung des Typ 2 Diabetes
GLP-1 Rezeptoragonisten
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GLP-1 Rezeptoragonisten Gewichtsabnahme

~ & A

<l & &S f"’“‘ 3 o
L a°
I S &

i7" ] W Exenatide bid
5 @ Exenatide QW
2 8 © ® Liraglutide
" j ® Lixisenatide
2 @ Albiglutide
B Dulaglutide 1.5 mg
, Lol 5 P ® Dulaglutide 0.75 mg
. K
t
'

Figure 2. Changes in weight with glucagon-like peptide 1 receptor agonists (GLP-1 RAs] in head-to-head
clinical studies.

p-values are for statistical superiority [unless noted for noninferiority); *p=not significant, +p=0.0005, $p-value not reported
for weight difference of 1.02 kg (95% confidence interval 0.456-1.581), §p < 0.0001, Y p < 0.001 versus dulaglutide 0.75 mg,
**p=not significant between dulaglutide 1.5 mg versus exenatide bid, $1p=0.011.
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GLP-1 Rezeptoragonisten

LEADER

Liraglutide Effect and Action in Diabetes:
Evaluation of cardiovascular outcome Results

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 JULY 28, 2016 VOL. 375 NO. 4

Liraglutide and Cardiovascular Outcomes in Type 2 Diabetes

Steven P. Marso, M.D., Gilbert H. Daniels, M.D., Kirstine Brown-Frandsen, M.D., Peter Kristensen, M.D., E.M.B.A.,
Johannes F.E. Mann, M.D., Michael A. Nauck, M.D., Steven E. Nissen, M.D., Stuart Pocock, Ph.D.,
Neil R. Poulter, F.Med.Sci., Lasse S. Ravn, M.D., Ph.D., William M. Steinberg, M.D., Mette Stockner, M.D.,
Bernard Zinman, M.D., Richard M. Bergenstal, M.D., and John B. Buse, M.D., Ph.D.,
for the LEADER Steering Committee on behalf of the LEADER Trial Investigators*
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GLP-1 Rezeptoragonisten

Liraglutide senkt die Sterblichkeit an Herz- / Kreislauferkrankungen
in Risikopatienten mit Typ2 Diabetes

2 201
a
E‘ 15+
]
w
..|: 10'
£
c
§ s
c
2
e
& 0

Patientenzahl

Liraglutid 4.668
Kontroll- 4.672

gruppe

B Liragiutid @ Kontrollgruppe

HR=0,87
95% KI (0,78 ; 0,97)
p<0,001 fiir Nichtunterlegenheit
p=0,01 fiir Uberlegenheit

6 12 18 24 30 36 42 48 54

Zeit seit der Randomisierung (Monate)
4.593 4.496 4.400 4,280 4.172 4.072 3.982 1.562 424
4.588 4.473 4.352 4.237 4.123 4.010 3.0914 1.543 407
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GLP-1 Rezeptoragonisten

SUSTAIN-G‘

SEMAGLUTIDE UNABATED SUSTAINABILITY

OR IGI Ni‘\ L 1,\ er\l (‘\ LE IN TREATMENT OF TYPE 2 DIABETES
v I ‘

Semaglutide and Cardiovascular Outcomes
in Patients with Type 2 Diabetes

Steven P. Marso, M.D., Stephen C. Bain, M.D., Agostino Consoli, M.D.,
Freddy G. Eliaschewitz, M.D., Esteban J6dar, M.D., Lawrence A. Leiter, M.D.,
lldiko Lingvay, M.D., M.P.H., M.S.C.S., Julio Rosenstock, M.D.,

Jochen Seufert, M.D., Ph.D., Mark L. Warren, M.D., Vincent Woo, M.D.,
Oluf Hansen, M.Sc., Anders G. Holst, M.D., Ph.D., Jonas Pettersson, M.D., Ph.D.,
and Tina Vilsbell, M.D., D.M.Sc., for the SUSTAIN-6 Investigators*

M ENGL ] MED 375,19 NEJM.ORG NOVEMEBER 10, 2016



Innovationen in der Behandlung des Typ 2 Diabetes
GLP-1 Rezeptoragonisten

Semaglutide senkt die Sterblichkeit an Herz- / Kreislauferkrankungen
in Risikopatienten mit Typ2 Diabetes

Subjects with an event (%)

15

10 A

0 8 16 24

Number of subjects at risk

32 40 48 56 64 72 80 88 96 104109

Time since randomisation (weeks)

Placebo, 8.9%

Semaglutide, 6.6%

HR, 0.74 (95% CI, 0.58; 0.95)
Events: 108 semaglutide; 146 placebo
p<0.001 for non-inferiority

p=0.02 for superiority
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GLP-1 Rezeptoragonisten

Semaglutide senkt Blutzucker (HbAlc)und Gewicht

A Glycated Hemoglobin B Body Weight
9.0 93,
| Placebo, 1.0 mg ~721 921 - % Placebo, 1.0 mg

———— 3

Placebo, 0.5 mg

T : - —67.1

Placebo, 0.5 mg

914

8.0+

F62.1 90

Semaglutide, 0.5 mg

Mean Body Weight (kg)

Mean Glycated Hemoglobin (%)
I
g
Mean Glycated Hemoglobin
{mmol/mol)

7.5 89 Semaglutide, 0.5 mg
7.0 Semaglutide, 1.0 mg |-52.1 88+ Semaglutide, 1.0 mg
6.5- 471 87| — 3
/, ,f
0.0 T T I I ‘ ‘ I I 0.0 0 T T T T T T T T |
0O 8 16 30 44 56 68 8 92 104 0 8 16 30 44 56 6 80 92 14

Weeks since Randomization Weeks since Randomization
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GLP-1 Rezeptoragonisten Pipeline

Phase 1 Phase 2 Phase 3 Regulatory

T
I
I
1

: % Oral semaglutide,)Novo Nordisk

A LY3298176 (QW), Eli Lill
@M Y Y TTP273, vTV Therapeutics

Exenatide BID (Teva)

% FT228, Flamel % Semaglutide QD, Novo Nordisk

ITCA 650 (exenatide in DUROS) Exenatide BID (Amneal)

Intarcia

% MEDI0382 (QD), AstraZeneca
% Semaglutide QW, Novo Nordisk
IGlarLixi (Lantus+Lyxumia,

QW/QM, Sanofi +Hanmi A
fixed-ratio), Sanofi (EU+US)

B MEDI4166, AstraZeneca

H HM12525A (QW), J&J+Hanmi
Y Exenatide QW

Y ZP2929 (QD), Zealand Pharma suspension, AstraZeneca

Y MK-8521 (QD), Merck

1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| % Efpeglenatide (HM11260C)
|
|
|
|
|
|
Y MOD-6031 (QW), Opko i
|
s
|
|

T
I
I
1
I
I
I
I
I
1
I
I
I
I
I
1
I
I
I
I
I
1
I
I
I
I
I
1
I
I
I
I
I
1

1
I
I
I
I
I
1
I
I
I
I
I
1
I
I
I
I
I
1
I
I
1
I
I
1
L

% SAR425899 (QD), Sanofi Y TT401 (QW), Opko
SAR438335, Sanofi
GLP/GIP coagonist (QW), Eli Lilly,
|
* Sc inj. QD* or BID* * Sc inj. OW* or less A Insulin + GLP-1 fixed combo * Oral GLP-1 agonist GLP-1 biosimilar
Sc implant, 6-12 months Y GLP-1+glucagon dual A Undisclosed GLP-1 based GLP-1+GIP dual agonist B GLP-1 + PCSK9 Mab fusion

agonist

*QD: Once a day (quaque die); BID: Twice a day (bis in die); QW: Once weekly; QM: Once monthly.
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GLP-1 Rezeptoragonisten Pipeline

Intarcia’s exenatide mini-pump ITCA-650
6-12 Monate Behandlung mit einem implantierbaren Device "minipump”

s bl Oifusion
Moderator

=) s @ o N) @
o
(S e J) ° 2
o
1 2 3 4

The diffusion of Influx of the lul The expanding engine The piston forces drug
extracellular aqueous aqueous fluid causes the gradually pushes the slowly and continuously out
fluid through the osmotic engine to slowly piston toward the of the device through an
membrane is driven by expand at a consistent rate  diffusion moderator outlet channel in the
the osmotic gradient diffusion moderatar

and into the SC space



Nicht alle GLP-1 Rezeptoragonisten sind gleich ...
und haben eine Reduktion des CV Risikos gezeigt

Study LEADER ELIXA SUSTAIN 6 EXSCEL REWIND
GLP1-RA liragluti lixisenayde semaglypde exenatide LR dulagiutide
Comparator pl\c%f pJ: p%) placebo placebo
N 1 1 14000 9622
Results 2018 2019

Cardiovascular Outcomes With Antihyperglycemic Therapy: Past, Present, and Future Impact on Practice
Authors: Carol H. Wysham, MD; John E. Anderson, MD; Lawrence Blonde, MD; Serge A. Jabbour, MD;Faculty and Disclosures
CME Released: 6/23/2016
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SGLT-2 Inhibitoren

Proximal Distal Collecting

Glomerulus Tubule Tubule Duct

.
/‘/ff‘.‘
i [

SGLT2 inhibitor

Reduced glucose
~ reabsorption
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SGLT-2 Inhibitoren

The NEW ENGLAND ]OU RNAL r:l_f MEDICINE 'ﬁ*
. &
, ‘l? EMPA-REG
.;t‘“’ ) . OUTCOME

ORIGINAL ARTICLE ”

Empagliflozin, Cardiovascular Outcomes,
and Mortality in Type 2 Diabetes

Bernard Zinman, M.D., Christoph Wanner, M.D., John M. Lachin, Sc.D.,
David Fitchett, M.D., Erich Bluhmki, Ph.D., Stefan Hantel, Ph.D.,
Michaela Mattheus, Dipl. Biomath., Theresa Devins, Dr.P.H.,

Odd Erik Johansen, M.D., Ph.D., Hans J. Woerle, M.D., Uli C. Broed|, M.D.,
and Silvio E. Inzucchi, M.D., for the EMPA-REG OUTCOME Investigators

M ENGL ] MED 373,22 NEJM.ORG NOVEMBER 26, 2015
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SGLT-2 Inhibitoren

Primary Outcome

20—
;\‘? Placebo
:.E, 154
o Hazard ratio, 0.86 (95.02% Cl, 0.74-0.99) -
= P=0.04 for superiority Empagliflozin
E 104
wy
T
Q
g 5
0+ T T T T T T T 1
0 6 12 18 24 30 36 42 48
Month
No. at Risk
Empagliflozin 4687 4580 4455 4328 3851 2821 2359 1534 370

Placebo 2333 2256 2194 2112 1875 1380 1161 741 166



Innovationen in der medikamentosen
Behandlung von Typ 2 Diabetes
Summary (3)

» Medikamentdse Therapie des Typ 2 Diabetes benutzt unterschiedliche
Wirkmechanismen und Zielorgane um Blutzucker zu normalisieren

» Moderne Diabetesmedikamente normalisieren nicht nur Blutzucker ohne die
Gefahr von Hypoglykamien sondern reduzieren Kérpergewicht, und adressieren
weitere metabolische Zielparameter, z.B. RR, Lipidstoffwechsel, etc.

» Die GLP-1 Rezeptoragonisten Liraglutide und Semaglutide und der SGLT-2
Inhibitor Empagliflozin haben in groBen cardiovaskuldaren (CV) Outcome Studien
gezeigt, dass sie in Typ 2 Patienten mit hohem CV Risiko die CV Sterblichkeit
signifikant reduzieren

» Damit ist der Behandlungsstandard flr Typ 2 Diabetes und das Ziel fur
kommende Innovationen nicht mehr ausschlieBlich auf die Normalisierung des
BZ ausgerichtet sondern auf die Senkung von Komplikationen und Sterblichkeit



Innovationen losen unmet medical needs
Evolutionar oder disruptiv

--- evolutionare Innovation
bestehende Technologien oder existierende
THE Produkt werden verbessert, effizienter oder

Innovator’s glnstiger.
Dilemma

--- disruptive Innovation
verandert die Spielregeln auf dem Markt
oder im Nutzungsverhalten.

GLAYTON M. CHRIBTENSEXN




Innovationen in der Insulinentwicklung
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Innovationen in der Behadlung des
Diabetes Mellitus

urin glucose test blood glucose test - spot continuous glucose monitoring
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Innovationen in der Behandlung des

Diabetes Mellitus
Automatisierung der Insulintherapie =Closed Loop

* 99 der 120 (80%) der amerikanischen

A\ Zulassungs-Studienteilnehmer nutzen
- mit Genehmigung der FDA den HCL
Hybrid Closed Loop jetzt imAlltag

' /[ AN
orupterstutze Pumpentherapie
mit Schutzfunktion

tinuierliche Glucosemessung
mit / ohne Pumpe

‘,,‘m Flash Glucose Monitoring \
b / Blutzuckermessung \

Sens
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Innovationen sind wichtig fur den Fortschritt in der
Behandlung des Diabetes Mellitus

und
fur den Pharma (wirtschafts) Standort Deutschland

Investments in GERMANY:
90 Novo Nordisk trials were conducted in Germany including 4,424 patients from 2012-20162

il
5 Enlleon Novo Nordisk R&D investments in Germany from 2012-2016?

740/0 S?a of health care professionals have

diagnosed one or more diabetes complications during trial
screenings?

%
7 5 0 of health care professionals believe that clinical
trials contribute to overall improvements in treatment and patient

care at their hospital/dinic®



£

Vielen Dank fur
IThre Aufmerksamkeit
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